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Inspired by the recent measurement of the process e+e− → ΛΛ¯, we calculate the mass spectrum of the φ me-
son with the GI model. For the excited vector strangeonium states φ(3S , 4S , 5S , 6S ) and φ(2D, 3D, 4D, 5D),
we further investigate the electronic decay width with the Van Royen-Weisskopf formula, and the partial widths
of the ΛΛ¯, Ξ−(∗)Ξ¯+, and Σ+(∗)Σ¯−(∗) decay modes with the extended quark pair creation model. We find that the
electronic decay width of the D-wave vector strangeonium is about 3 ∼ 8 times larger than that of the S -wave
vector strangeonium. Around 2232 MeV the partial decay width of the ΛΛ¯ mode can reach up to several MeV
for φ(33S 1), while the partial ΛΛ¯ decay width of φ(2
3D1) is O(10−3) keV. If the threshold enhancement reported
by the BESIII Collaboration arises from the strangeonium meson, this state is very likely to be the φ(33S 1) state.
We also note that the ΛΛ¯ and Σ+Σ¯− partial decay widths of the states φ(33D1) and φ(43S 1) are about several
MeV, respectively, which are enough to be observed in future experiments.
PACS numbers:
I. INTRODUCTION
Because the timelike electromagnetic form factors (FFs)
provide a key to understand the strong interactions and inner
structure of hadrons, there have been many measurements via
the process e+e− → BB¯ [1–5] (where B stands for a spin-
1/2 ground baryon state). The non-vanishing cross section in
the near-threshold region has been observed [6–9]. Unusual
behavior near threshold implies a more complicated under-
lying physical scenario and has driven many theoretical in-
terpretations, including BB¯ bound states or meson-like reso-
nances [10–17], final-state interactions [18, 19] and an attrac-
tive Coulomb interaction [20, 21].
Very recently, the BESIII Collaboration studied the process
e+e− → ΛΛ¯ with improved precision [22]. The Born cross
section at
√
s = 2.2324 GeV, which is 1.0 MeV above the ΛΛ¯
mass threshold, is measured to be 305 ± 45+66−36 pb. Is the un-
expected feature in the near-threshold region due to an unob-
served strangeonium meson resonance? In the present work,
we will try to answer this question.
We will calculate the spectrum of the ss¯ system in the
framework of the Godfrey-Isgur (GI) model [23], which
has achieved a good description of the known mesons and
baryons [23–25]. After we obtain the masses of the higher ex-
cited strangeonium states, we further estimate the electronic
decay width of the JPC = 1−− states φ(2D, 3D, 4D, 5D)
and φ(3S , 4S , 5S , 6S ) with the Van Royen-Weisskopf for-
mula [26]. Meanwhile, we use the extended quark pair cre-
ation model [27, 28] to calculate the partial ΛΛ¯, Ξ−(∗)Ξ¯+, and
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Σ+(∗)Σ¯−(∗) decay widths of those vector states with the obtained
spatial wave functions. Considering there existing many the-
oretical calculations of the two-body strong decays of the ss¯
system with various models in the literature [29–34], in the
present work we will emphasise on the baryon-antibaryon de-
cay mode and electronic decay properties.
According to the theoretical predictions from various mod-
els, the masses of φ(33S 1) and φ(2
3D1) mesons are about 2.2
GeV (see Table I). Therefore, we calculate the e+e− and ΛΛ¯
partial decay widths of the excited vector states φ(33S 1) and
φ(23D1). We find that the electronic decay width of φ(3
3S 1) is
about 1/3 times smaller than that of φ(23D1). However around
2232 MeV the partial decay width of the ΛΛ¯ mode can reach
up to several MeV for φ(33S 1), while the partial ΛΛ¯ decay
width of the states φ(23D1) is a very small value O(10−3) keV.
The threshold enhancement in the process e+e− → ΛΛ¯ ob-
served by the BESIII Collaboration [22] may be caused by
φ(33S 1). We also notice that the ΛΛ¯ and Σ
+Σ¯− partial decay
widths of the states φ(33D1) and φ(4
3S 1) are about several
MeV, respectively. These two states have a good potential
to be observed in future experiments via their corresponding
main baryon-antibaryon decay channel.
This paper is organized as follows. In Sec. II we give a
brief introduction of the GI model and calculate the spectrum
of the ss¯ system. Then we present the Van Royen-Weisskopf
formula and give the electronic decay properties in Sec. III.
In Sec. IV we discuss the extended quark pair creation model
and baryon-antibaryon decay results. We give a short sum-
mary in Sec. V.
II. MASS SPECTRUM
In this work, we employ the GI model to calculate the mass
spectrum of the higher excited strangeonium. According to
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FIG. 1: The spectrum of the ss¯ system.
TABLE I: The predicted masses (MeV) of the higher φ mesons with JPC = 1−− from various models.
This work
State Mass MGI [29] GI [23] RQM [35] COQM [36] Exp. [37]
φ(13S 1) 1009 1030 1020 1038 1020 1020
φ(23S 1) 1688 1687 1690 1698 1740 1680
φ(33S 1) 2204 2149 · · · 2119 2250 –
φ(43S 1) 2627 2498 · · · 2472 2540 –
φ(53S 1) 2996 · · · · · · 2782 · · · –
φ(63S 1) 3327 · · · · · · · · · · · · –
φ(13D1) 1883 1869 · · · 1845 1750 –
φ(23D1) 2342 2276 · · · 2258 2260 –
φ(33D1) 2732 2593 · · · 2607 · · · –
φ(43D1) 3079 · · · · · · · · · · · · –
φ(53D1) 3395 · · · · · · · · · · · · –
the GI model [23], the Hamiltonian between the quark and
antiquark reads
H˜ =
(
p2 + m21
)1/2
+
(
p2 + m22
)1/2
+ Veff(p, r), (1)
where mi and p are the quark’s mass and momentum in the
center-of-mass frame. Veff(p, r) is the potential between the
quark and antiquark, which can be obtained by the on-shell
scattering amplitude between the quark and antiquark in the
center-of-mass frame. This Hamiltonian contains the short-
range γµ ⊗ γµ one-gluon-exchange (OGE) interaction and the
1 ⊗ 1 linear confining interaction suggested by lattice QCD.
In the nonrelativistic limit, it can reduce to the familiar Breit-
Fermi interaction
Veff(p, r) = H
conf
12 + H
hyp
12
+ Hso12. (2)
Here, Hconf
12
is the spin-independent linear confinement and
Coulomb-type interaction; H
hyp
12
is the color-hyperfine inter-
action and Hso
12
is the spin-orbit interaction.
To incorporate the relativistic effects, Godfrey and Isgur
further built a semiquantitative model [23]. By introducing
the smearing function for a meson qiq¯ j
ρi j(r − r′) =
σ3
i j
π3/2
e−σ
2
i j
(r−r′)2 , (3)
the OGE potential G(r) = −4α(r)/3r and confining potential
3S (r) = br + c are smeared to G˜(r) and S˜ (r) via
f˜ (r) =
∫
d3r′ρi j(r − r′) f (r′). (4)
Through the introduction of the momentum-dependent fac-
tors, the Coulomb term is modified according to
G˜(r)→
(
1 +
p2
E1E2
)1/2
G˜(r)
(
1 +
p2
E1E2
)1/2
, (5)
and the contact, tensor, vector spin-orbit, and scalar spin-orbit
potentials were modified according to
V˜i(r)
m1m2
→
(
m1m2
E1E2
)1/2+ǫi V˜i(r)
m1m2
(
m1m2
E1E2
)1/2+ǫi
(6)
where ǫi corresponds to the contact (c), tensor (t), vector spin-
orbit [so(v)], and scalar spin-orbit [so(s)].
With the notation
f iαβ(r) =
(
mαmβ
EαEβ
)1/2+ǫi
f (r)
(
mαmβ
EαEβ
)1/2+ǫi
(7)
we have
Veff(p, r) = H˜
conf
12 + H˜
hyp
12
+ H˜so12, (8)
where
H˜conf12 =
(
1 +
p2
E1E2
)1/2
G˜(r)
(
1 +
p2
E1E2
)1/2
+ S˜ (r), (9)
H˜so12 =
S1 · L
2m2
1
1
r
∂G˜
so(v)
11
∂r
+
S2 · L
2m2
2
1
r
∂G˜
so(v)
22
∂r
+
(S1 + S2) · L
m1m2
1
r
∂G˜
so(v)
12
∂r
− S1 · L
2m2
1
1
r
∂S˜
so(s)
11
∂r
− S2 · L
2m2
2
1
r
∂S˜
so(s)
22
∂r
, (10)
and
H˜
hyp
12
=
2Si · S j
3m1m2
∇2G˜c12 −
S1 · rˆS2 · rˆ −
1
3
S1 · S2
m1m2

(
∂2
∂r2
− 1
r
∂
∂r
)
G˜t12. (11)
The spin-orbit term H˜so
12
can be decomposed into a symmet-
ric part H˜so
(12)
and an antisymmetric part H˜so
[12]
, while the H˜so
[12]
vanishes when m1 = m2.
We adopt the free parameters in the original work of the
GI model [23], and diagonalize the Hamiltonian in the simple
harmonic oscillator bases |n2S+1LJ〉. The resulting mass spec-
trum of the strangeonium are shown in Fig. 1. Meanwhile,
we compare our predicted mass of the higher vector φmesons
with various models predictions, as listed in Table I.
III. THE ELECTRONIC DECAYS
With the Van Royen-Weisskopf formula [26, 38], the elec-
tronic decay width of the excited vector strangeonium states
is given by
Γ[φ(nS )→ e+e−] ∝ 4α
2e2s
M2
nS
|RnS (0)|2, (12)
Γ[φ(nD)→ e+e−] ∝ 25α
2e2s
2M2
nD
m4s
|R′′nD(0)|2. (13)
Here, α = 1
137
denotes the fine structure constant. ms = 450
MeV and es = − 13 are the strange quark constituent mass and
charge in unit of electron charge, respectively. MnS (MnD) is
the mass for φ(nS )(φ(nD)). RnS (0) represents the radial S
wave function at the origin, and R′′nD(0) represents the sec-
ond derivative of the radial D wave function at the origin.
In the present calculation, we adopt the simple harmonic
oscillator (SHO) wave functions for the space-wave functions
of the initial meson. According to the wave functions obtained
in mass spectrum calculations, we get the root mean square ra-
dius of the vector states. Then, we determine the value of har-
monic oscillator strength βth between the two strange quarks
for the initial mesons (as listed in Table II).
According to PDG [37], the electronic decay branching ra-
tio for φ(1S ) is
B[φ(1S )→ e+e−] = (2.973± 0.034) × 10−4. (14)
Combining this ratio with its total decay widths(Γ = 4.249 ±
0.013 MeV), the central value of the electronic decay width is
Γ[φ(1S ) → e+e−] = 1.26 keV. Then, from the formulas (12)-
(13), we can obtain electronic decay width ratios of between
the higher excited vector strangeonium states and the state
φ(1S ). Thus, we can get those states electronic decay widths,
as shown in Table II.
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FIG. 2: The variation of the electronic decay width ratio with the mass of the S- and D-wave vector strangeonium. The red, black, and blue
lines correspond to the predictions with different values of β=βth + 20 MeV, βth, and βth − 20 MeV, respectively.
TABLE II: The predicted electronic decay widths of the higher φ
mesons with JPC = 1−−. The unit is MeV for the mass and harmonic
oscillator strength βth. The unit of the e
+e− decay width is keV. R
is the electronic decay width ratio between the higher excited states
and the state φ(1S ). Γ[e+e−] = R × Γ[φ(1S ) → e+e−] denotes the
electronic decay width for each state.
State Mass βth R Γ[e
+e−](keV)
φ(33S 1) 2204 368 0.17 0.21
φ(43S 1) 2627 351 0.12 0.15
φ(53S 1) 2996 341 0.09 0.11
φ(63S 1) 3327 334 0.08 0.10
φ(23D1) 2342 375 0.47 0.59
φ(33D1) 2732 355 0.54 0.68
φ(43D1) 3079 344 0.61 0.77
φ(53D1) 3395 336 0.70 0.88
From the table, the ratio R is smaller than one. The elec-
tronic decay widths of the excited vector strangeonium states
φ(3S , 4S , 5S , 6S ) and φ(2D, 3D, 4D, 5D) are smaller than
that of the state φ(1S ). Meanwhile, the electronic decay width
of the D-wave vector strangeonium is about 3 ∼ 8 times larger
than that of the S -wave vector strangeonium. For the S -wave
states, our predictions are in accordance with ref. [39], while
for the D-wave states, our predictions are about 3 times larger
than those of ref. [39].
Considering the uncertainties of the predictedmass and har-
monic oscillator strength βth, we plot the variation of the elec-
tronic decay width ratio R as a function of the mass with dif-
ferent values of β=βth + 20 MeV, βth, and βth − 20 MeV, re-
spectively, in Fig. 2. It is obvious that the ratio R decreases
with the mass with the same β values.
IV. DOUBLE BARYON DECAY MODE
A. The 3P0 model
The quark pair creation (3P0) model was first proposed by
Micu [40], Carlitz and Kislinger [41], and further developed
by the Orsay group [42–44], which has been widely used to
study the OZI-allowed two-body strong decays of hadrons.
Very recently, the 3P0 model was extended to study someOZI-
allowed three-body strong decays [28] as well. In the frame-
work of this model, the interaction Hamiltonian for one quark
pair creation was described as [45–47]
Hqq¯ = γ
∑
f
2m f
∫
d3xψ¯ fψ f . (15)
Here, γ is a dimensionless parameter and usually determined
by fitting the experimental data. m f denotes the constituent
quark mass of flavor f and ψ f stands for a Dirac quark field.
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FIG. 3: The strangeonium system decays into double baryons.
5In our previous work [27], we extended the 3P0 model to
study the partial decay width of the ΛcΛ¯c mode for the char-
monium system. In this work, we further use this model to
study the process φ∗(A)→ B(B)+ B¯(C), where φ∗ denotes the
excited strangeonium states. As pointed out in Ref. [27], two
light quark pairs should be created for this type of reaction (as
shown in Fig. 3), and the helicity amplitude MMJA MJB MJB reads
δ3(pA − pB − pC)MMJA MJB MJB
=
∑
k
〈BC|Hqq¯ |k〉〈k|Hqq¯|A〉
Ek−EA . (16)
Here, pI(I = A, B, C) denotes the momentum of the hadron.
EA(k) represents the energy of the initial(intermediate) state
A(k). Considering the quark-hadron duality [48], we simplify
the calculations via taking Ek −EA as a constant, namely Ek −
EA ≈ 2mq. Here, mq is the constituent quark mass of the
created quark. We adopt this crude approximation because the
intermediate state differs from the initial state by two created
additional quarks at the quark level [27, 28]. Thus, we can
rewrite the Eq. (16) as
δ3(pA − pB − pC)MMJA MJB MJB ≈
〈BC|Hqq¯Hqq¯|A〉
2mq
. (17)
Then, the transition operator for the two quark pairs creation
in the nonrelativistic limit reads
T =
9γ2
2mq
∑
m,m′
〈1m; 1 − m|00〉〈1m′; 1 − m′|00〉 (18)
∫
d3p3d
3p4d
3p5d
3p6δ
3(p3 + p4)δ
3(p5 + p6)
×ϕ340 ω340 χ341,−mYm1 (
p3 − p4
2
)a
†
3i
b
†
4 j
×ϕ560 ω560 χ561,−m′Ym
′
1 (
p5 − p6
2
)a
†
5i
b
†
6 j
,
where pi (i=3, 4, 5, 6) stands for the three-vector momentum
of the ith quark. ϕ0 = (uu¯ + dd¯ + ss¯)/
√
3 corresponds to the
flavor function and ω0 = δi j represents the color singlet of the
quark pairs created from vacuum. χ1,−m(m′) are the spin triplet
states for the created quark pairs. The solid harmonic polyno-
mial Ym(m′)
1
(p) ≡ |p|Ym(m′)
1
(θp, φp) denotes the P-wave quark
pairs. a
†
i
b
†
j
is the creation operator representing the quark pair
creation in the vacuum.
Finally, the hadronic decay width Γ in the relativistic phase
space reads
Γ[A → BC] = π2 |p|
M2
A
1
2JA + 1
∑
MJA ,MJB ,MJC
|MMJA MJB MJC |2.(19)
Here, p represents the momentum of the daughter baryon. MA
and JA are the mass and total angular quantum number of the
parent baryon A, respectively. In the center of mass frame of
the parent baryon A, p reads
|p| =
√
[M2
A
− (MB − MC)2][M2A − (MB + MC)2]
2MA
. (20)
TABLE III: The parameters we used in this work [37, 49]. The unit
is MeV except the γ, which has no unit.
Mass of the final baryon Λ 1115.68
Λ¯ 1115.68
Σ+ 1189.37
Σ¯− 1189.37
Ξ− 1321.71
Ξ¯+ 1321.71
Σ+∗ 1382.80
Σ¯−∗ 1382.80
Ξ−∗ 1535.0
Constituent quark mass mu 330
md 330
ms 450
Harmonic oscillator parameter α 400
Strength of the quark pair γ 6.95
creation from the vacuum
In our calculation, we take the standard constituent quark
masses, namely mu=md=330 MeV and ms=450 MeV. The
masses of the final baryons are taken from PDG [37], as listed
in Table. III. We adopt the simple harmonic oscillator (SHO)
wave functions for the space-wave functions of the hadrons.
The harmonic oscillator strength βth between the two strange
quarks for the initial mesons is determined by the spatial wave
functions obtained in mass spectrum calculations (as listed in
Table I). The harmonic oscillator strength between the two
light quarks for final baryons is taken as α = 400 MeV. As
to the strength of the quark pair creation from the vacuum, we
adopt the same value as in Ref.[49], γ = 6.95. The uncertainty
of the strength γ is about 30% [47, 50–52], and the partial de-
cay widths are proportional to γ4. Thus our predictions may
bare a quite large uncertainty.
B. ΛΛ¯ decay mode
1. States around the ΛΛ¯ threshold
In 2007, the BABAR Collaboration measured the cross sec-
tion for e+e− → ΛΛ¯ from threshold up to 3 GeV [9] and
observed a possible nonvanishing cross section at threshold.
Recently, the BESIII Collaboration published a measurement
of the process e+e− → ΛΛ¯ [22] with improved precision. The
Born cross section at
√
s = 2232.4 MeV, which is 1.0 MeV
above the ΛΛ¯ mass threshold, is measured to be 305 ± 45+66−36
pb, which indicates an obvious threshold enhancement.
According to various model predictions (see Table I), there
are two strangeoniummeson resonances φ(33S 1) and φ(2
3D1)
with both masses around 2.2 GeV and JP = 1−−. As a possible
source of the observed threshold enhancement, it is crucial to
study the decay properties of the states φ(33S 1) and φ(2
3D1).
We first explore the ΛΛ¯ partial decay width of the state
6TABLE IV: The partial decay widths of the vector strangonium with
a mass of M = 2232 MeV.
State βth(MeV) ΓΛΛ¯(MeV)
ψ(33S 1) 368 5.84
ψ(23D1) 375 3.90 × 10−6
φ(33S 1) and obtain
Γ[φ(33S 1)→ΛΛ¯] ∼ 5.84 MeV (21)
with a mass of M = 2232 MeV (see Table IV). This partial
decay width is large enough to be observed in experiments,
and indicates that the observed threshold enhancement may
arise from this state. Although the phase space is suppressed
seriously around threshold, the transition amplitude for this
decay mode is quite large. Hence, the partial decay width
of the ΛΛ¯ mode for the state φ(33S 1) reaches several MeV.
Considering the uncertainties of the predicted mass, we study
the variation of the ΛΛ¯ decay width as a function of the mass
of the state φ(33S 1). The decay width increases rapidly with
the mass in the range of (2233-2300)MeV.
Then, we investigate the decay properties of the state
φ(23D1). Fixing the mass at M = 2232 MeV, we get
Γ[φ(23D1)→ΛΛ¯] ∼ 3.90 × 10−6 MeV. (22)
This width seems too small to be observed in experiments.
Combining the predicted partial decay width of φ(33S 1), we
further obtain
Γ[φ(33S 1)→ΛΛ¯]
Γ[φ(23D1)→ΛΛ¯]
∼ 1.50 × 106. (23)
The decay ratio of φ(33S 1) into the ΛΛ¯ channel is about
O(106) larger than that of φ(23D1) into the ΛΛ¯ channel. Com-
bining their electronic decay width we calculated in Sec. III,
we obtain that if the threshold enhancement reported by the
BESIII Collaboration in the process e+e− → ΛΛ¯ were related
to an unobserved strangeonium meson resonance, this state
should most likely be φ(33S 1).
Besides the uncertainties coming from the predicted mass
and harmonic oscillator strength βth, the results of φ(3
3S 1)
and φ(23D1) may have large uncertainties due to their lower
masses. At the hadron level, the energy of the intermedi-
ate states with the spin parity JPC = 1−−, such as molecular
states KK1(1270), K ∗ (892)K∗0(700), K ∗ (892)K1(1270), and
φ(1020)a0(980) and so on, is about 1.7 Gev∼2.1 GeV. Thus
the Ek − EA are small and sensitive to the masses of the inter-
mediates state. In this case, taking Ek − EA=2mq as a constant
will introduce a large uncertainty in this calculation.
2. higher states
Besides φ(33S 1) and φ(2
3D1), we also analyze the decay
properties of the S-wave states φ(43S 1, 5
3S 1, 6
3S 1) and the
TABLEV: The predicted partial decay widths of the higher φmesons
with JPC = 1−−. The unit is MeV.
State Mass βth ΓΛΛ¯
φ(43S 1) 2627 351 1.81
φ(53S 1) 2996 341 0.08
φ(63S 1) 3327 334 0.84
φ(33D1) 2732 355 3.40
φ(43D1) 3079 344 0.27
φ(53D1) 3395 336 0.10
D-wave states φ(33D1, 4
3D1, 5
3D1). The decay properties are
collected in Table V. From the table, we get that theΛΛ¯ partial
decay width of φ(33D1) can reach up to Γ ∼ 3.5MeV, which is
the largest compared to five other vector states we considered
in this work. The sizeable width indicates that this state has a
good potential to be observed in the ΛΛ¯ decay channel.
Similarly, taking the uncertainties of the theoretical masses
and harmonic oscillator strength βth into account, we plot the
ΛΛ¯ partial decay widths of those states as functions of the
masses in Fig. 4 with different values of β=βth+20 MeV, βth,
and βth-20 MeV, respectively. According to Fig. 4, for the
state φ(33D1), the variation curve likes a bowel structure when
the mass varies from 2550 MeV to 2850 MeV, and the partial
width can reach up to Γ ∼ 3.7 MeV with β = βth. The ΛΛ¯
partial decay width for φ(53D1) is the smallest. The decay
width is less than Γ < 0.4 MeV with the mass in the range of
M = (3150 − 3450) MeV. As to φ(43S 1), its ΛΛ¯ decay width
is very sensitive to the mass (see Fig. 4). When β = βth, the
width varies in the range of Γ ∼ (0.0−4.8)MeV with the mass
in the range of M = (2450−2750)MeV. If the mass of φ(43S 1)
lies in (2496-2590) MeV, the decay width of the ΛΛ¯ mode is
less than one MeV. Most of the ΛΛ¯ partial decay widths for
the other three states, φ(43D1), φ(5
3S 1) and φ(6
3S 1), are less
than one MeV (see Fig. 4). These partial widths seem to be
sizeable as well.
C. Other double baryon decay modes
Besides ΛΛ¯ decay mode, we also investigate the Ξ−(∗)Ξ¯+
and Σ+(∗)Σ¯−(∗) decay modes for the excited vector strangeo-
nium. According to the predicted masses listed in Table I, the
masses of the states φ(3S ) and φ(2D) are under the thresh-
old of Ξ−(∗)Ξ¯+ and Σ+(∗)Σ¯−(∗). Thus, in this section, we focus
on partial decay properties of the vector strangeonium states
φ(4S , 5S , 6S ) and φ(3D, 4D, 5D). Our predictions are col-
lected in Table VI.
From the Table, we notice that the Σ+Σ¯− partial decay width
of φ(43S 1) and φ(3
3D1) can reach up to Γ ∼ 2.9 MeV and
Γ ∼ 1.5 MeV, respectively, which are large enough to be
observed in future experiments. Meanwhile, the Ξ−Ξ¯+ and
Σ+∗Σ¯−∗ partial decay widths of the state φ(53S 1) are both
larger than one MeV.
In addition, we also plot the decay properties of the states
φ(4S , 5S , 6S ) and φ(3D, 4D, 5D) as a function of the mass
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FIG. 4: The variation of the ΛΛ¯ decay width with the mass of the S- and D-wave vector strangeonium. The red, black, and blue lines
correspond to the predictions with different values of β=βth + 20 MeV, βth, and βth − 20 MeV, respectively.
TABLE VI: The partial decay widths of the higher φ mesons with JPC = 1−−. The unit is MeV.
State Mass β Γ[Ξ−Ξ¯+] Γ[Σ+Σ¯−] Γ[Σ+∗Σ¯−] Γ[Σ+∗Σ¯−∗] Γ[Ξ−∗Ξ¯+]
φ(43S 1) 2627 351 · · · 2.86 0.91 · · · · · ·
φ(53S 1) 2996 341 1.28 0.05 0.62 1.69 0.03
φ(63S 1) 3327 334 2.26 × 10−3 0.08 0.06 5.67 × 10−3 7.63 × 10−4
φ(33D1) 2732 355 0.16 1.49 0.41 · · · · · ·
φ(43D1) 3079 344 0.11 0.02 0.07 0.86 0.01
φ(53D1) 3395 336 0.02 0.08 0.03 0.58 9.55 × 10−5
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FIG. 5: The variation of the partial decay widths with the mass of the S- and D-wave vector strangeonium.
8in Fig. 5.
To investigate the uncertainties of the parameter βth, we fur-
ther consider the partial decay propertieswith different βth val-
ues. The theoretical numerical results are not shown in the
present work. According to our calculations, our main predic-
tions hold in a reasonable range of the parameter βth.
V. SUMMARY
In the present work, we have studied the mass spec-
trum of the strangeonium system with the GI model and
further investigated the electronic decay width and ΛΛ¯,
Ξ−(∗)Ξ¯+, and Σ+(∗)Σ¯−(∗) double baryons decay widths of the
excited vector strangeonium states φ(3S , 4S , 5S , 6S ) and
φ(2D, 3D, 4D, 5D).
For the electronic decay widths, we obtain that the elec-
tronic decay widths of the excited vector strangeonium states
φ(3S , 4S , 5S , 6S ) and φ(2D, 3D, 4D, 5D) are smaller than
that of the state φ(1S ). Meanwhile, the electronic decay width
of the D-wave vector strangeonium is about 3 ∼ 8 times larger
than that of the S -wave vector strangeonium.
For the double baryons decay widths, the partial decay
width of the ΛΛ¯mode can reach up to ∼ 5.84 MeV for φ(3S ),
while the partial ΛΛ¯ decay width of the states φ(2D) is about
O(10−3) keV. Thus, the ΛΛ¯ decay width ratio between the
states φ(33S 1) and φ(2
3D1) is O(106). If the threshold en-
hancement reported by the BESIII Collaboration in process
e+e− → ΛΛ¯ does arise from an unobserved strangeonium
meson, the resonance is most likely to be the strangeonium
state φ(3S ). We also notice that the ΛΛ¯ and Σ+Σ¯− partial de-
cay widths of the states φ(33D1) and φ(4
3S 1) are about sev-
eral MeV, respectively, which are enough to be observed in
future experiments. The double baryons decay modes pro-
vide a unique probe of the excited vector strangeonium res-
onances, which may be produced and investigated at BESIII
and BelleII.
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